The residual disability depends to some extent on the age of the patient and his inherent powers of recovery but also, to some extent, on the amount of disability present at the time the diagnosis is made and the operation performed.
It is possible to make a diagnosis of acoustic neuroma when only the VIII nerve is apparently involved but I would urge the importance of looking for signs outside the VIII nerve when the symptom is one of progressive deafness or vertigo. Impairment of taste, slight sensory disturbance over the face, slight clumsiness of an armparticularly the arm the patient does not normally use and in which he may therefore be unaware of disabilityare useful signs of extension beyond the VIII nerve system and thus suggestive of an expanding lesion.
By the time the presence of a tumour has become obviousby papilleedema, clear involvement of the V and VII nerves or ataxiait is already too late to escape the morbid consequences which will follow total excision. No patient whom I visited was seen less than three years after operation and, although recovery can continue over a longer period than this, it is likely that further recovery will be slight and that these patients can be graded, on the basis of how they were when seen, into four groups:
(1) Those who were living a practically normal life and were doing everything except perhaps run, ride a bicycle, wear high heels or drive a car at night.
(2) Those who could go out alone but whose activities were restricted.
(3) Those who could not go out alone. (4) Those who could not go out.
Of those whom I visited 33 were men and 99 were women, the proportion of surviving women (75 %) being slightly greater than the proportion in the series as a whole, in which it was 70 %.
In considering the men first, 19 out of 33 were in group 1. These included a parson, a teacher and a director of research who said that he could do perfectly well all he wanted to do but his enjoyments tended to be sedentary; he had done a good deal of lecturing and committee work and when I saw him he was chairman of four committees and boards; he had recently had his first swim for ten years and was perfectly at ease and happy in the water; he had not driven a car again and said that he would not. In this group there was also an erstwhile booking clerk who 'was not fit for public contactno hair, no voice and a dropped face' but was employed in another capacity on the railways and had suffered no material loss. I select these men not as particular cases but as representatives of their group in which all were in full employment although one had been and one would be passed over for promotion. Of the 99 women 46 were in group 1; these included many women who had gone back to work and others who could have done so but had not, because there was no need.
Thus of 130 surviving patients in whom an acoustic neuroma had been totally excised exactly half had returned, in spite of deafness and deformity, to practically full activity. One of these patients has written a book about her experiences and has called this book 'Struggle to Return'. I think this is a very good title because although the surgeon, in removing the tumour, obviously plays a vital role, he cannot also ensure rehabilitation; a great deal depends on the courage, determination and fighting spirit of the patient.
Mr Lawrence Walsh (Atkinson Morley's Hospital, Wimbledon)
The Surgery of Acoustic Neuromas Many large series of patients treated by both intracapsular and total removal have been published and there is general agreement among neurosurgeons on the results of operation. Although these results are well known I would like to give a brief summary of them.
Intracapsular removal has often been used in the more seriously ill patients or the technically difficult operations. The operative mortality is usually between 10% and 20% and of the survivors a high proportion will suffer a recurrence within the next 3 or 4 years from which they die or which requires further surgical treatment. The mortality from recurrent operations by the conventional approach is high so that at the end of 3 to 5 years more than 50% of the patients have died from their acoustic neuroma.
Total removal is more likely to be used in the less seriously ill patients or in the technically easier operations. The operative mortality is usually between 10% and 20% and in some selected series as low as 5 %. Because of this, more neurosurgeons favour complete excision and some are able to achieve it in almost every case. I would like to describe 23 patients with an acoustic neuroma whom I have personally treated in the past seven years. This series is too small for percentages to mean anything but it will give some idea of the type of patient seen in a neurosurgical department. Of these 23 patients, 2 had an intracapsular removal and 21 a total removal.
Intracapsular Removal
In both these patients it was decided, before operation, to perform an intracapsular removal. The first was a man of 64 years who had complained of deafness for 2 years and headaches for 3 months; he had severe ataxia and difficulty in walking. He also had severe emphysema and bronchitis with marked dyspncea at rest. Ventriculography showed a large tumour with displacement of the fourth ventricle. As his prognosis from the cardiorespiratory point of view was so poor an intracapsular removal was preferred; however, it was judged at operation that a complete removal would have been possible. He had a smooth convalescence, is well eighteen months after operation and able to walk quite well. His activities are limited only by his dyspncea, which persists.
The second patient was a woman of 71 years who complained of deafness and had nystagmus in addition. Ventriculography showed symmetrical hydrocephalus with displacement of the fourth ventricle indicating a large tumour. Because of her age an intracapsular removal was done; at operation it was felt that a total removal would have been possible. Post-operatively she had facial weakness and some unsteadiness but 2 months after operation these were improving and it is hoped that further improvement will occur.
Total Removal There were 21 patients. In all cases in addition to clinical and neuro-otological examination we do a ventriculogram or air encephalogram so as to fill the fourth ventricle and the cerebellopontine angle cisterns. In a few cases positive contrast studies have been made.
There was no case of a very small tumour limited to the porus acusticus and only one with a moderate sized tumour showing as a filling defect in the cerebellopontine angle without displacement of the fourth ventricle. This patient was a woman of 43. Her signs were limited to the VIII nerve and the tumour was completely removed, the facial nerve being preserved. This is a recent case and when the patient was last seen, 2 months after operation, she was well but still had a facial weakness which I am hopeful will recover. The remaining 20 patients had large tumours as shown by dilatation of the ventricular system and displacement, sometimes very marked, of the fourth ventricle. In spite of the fact that they all had large tumours the clinical picture varied considerably and they have been divided into 3 groups.
(1) Those with a large tumour and slight signs (Table 1 ). There were 5 patients in this group and in addition to VIII nerve signs some showed V nerve signs, slight ataxia or nystagmus. None had papilleedema. The facial nerve was spared in one; all of them are well and leading a normal life.
(2) Those with a large tumour and moderate signs (Table 2 ). There were 7 patients in this group. In addition to VIII nerve signs they showed a moderate ataxia, V or VII nerve signs or nystagmus, and 4 patients had papillewdema. In one the facial nerve was spared; 3 patients died. Of the 4 survivors 2 are leading a normal life, one a somewhat restricted life due to ataxia which was present before operation. The remaining patient, who was extremely ataxic before operation is much improved but it is too soon to say whether she will make a complete recovery.
(3) Patients with a large tumour and marked signs (Table 3 ). There were 8 patients. In addition to VIII nerve signs they showed marked ataxia, V nerve signs or symptoms. Six patients had papillcedema and 3 were confused, drowsy and disorientated, showing signs of severe raised intracranial pressure. In one patient the facial nerve was spared; 2 patients died. Of the 6 survivors, 4 show improvement in their pre-operative symptoms and are leading active full lives. One of the remaining 2 patients is more ataxic than she was pre-operatively but is leading quite an active life at home and is able to go for walks. The remaining patient was unable to stand or walk preoperatively and she is still very ataxic. It is too early to say how much improvement there may be. All these operations were performed with the patient in the sitting position. A unilateral cerebellar approach was used and if necessary the lateral margin of the cerebellum was resected, as also was the posterior lip of the internal auditory meatus.
Cause of Death
In this series of 23 patients, 5 have died (Table 4) . Two died of a massive pulmonary embolus which terminated an otherwise satisfactory convales- cence after the patients had been discharged from our hospital. They occurred five and four weeks respectively after operation. One patient died from meningitis and ventriculitis eight days after operation. On admission he had very severe papillcedema, drowsiness, cerebellar and pyramidal signs. Ventricular drainage was instituted for a few days before complete excision of the tumour. In the post-operative period he developed severe intracranial infection from which he died. Of the remaining 2 patients, 1 died three weeks after operation. She had a stormy post-operative course but was improving when she suddenly died. A post-mortem examination was performed and this showed some old damage to the pons, no doubt produced at operation and responsible for her stormy course but no recent lesion to account for her sudden death. The remaining patient died two days after operation and post-mortem examination showed softening of the pons. At operation an artery had been seen running across the posterior aspect of the tumour and this was thought to be a branch of the anterior-inferior cerebellar artery. It is common to see this artery and as usual it was carefully freed and preserved. It seems likely that in this case the cause of the softening was ischxemia in the territory supplied by this artery.
In the first 2 patients it is hard to imagine that any alteration in technique would have changed the outcome. The patient with intracranial infection might not have developed this if ventricular drainage had not been used but his condition was so poor that it was deemed advisable at the time. The remaining 2 patients died as a result of operative damage and it may be that in these two a more conservative operation might have caused less damage.
Facial Nerve
In this series of 21 total removals the facial nerve was spared in 4 patients, one of whom died, The remaining 3 all had post-operative facial weakness. In one it recovered in a few months, in one in about eighteen months and in the third there had not been recovery when the patient was last seen two months after operation. The remaining 13 survivors all had a complete facial palsy. Three of them elected to have no further treatment and 10 had a facio-spinal or facio-hypoglossal anastomosis. In all the anastomosis became effective in three to six months. The cosmetic resultfromfaciohypoglossal anastomosis is better than that from facio-spinal anastomosis and all the patients with facio-hypoglossal anastomosis had a symmetrical face at rest with good eye closure and associated movement of the affected side of the face. The results of facio-hypoglossal anastomosis are very satisfactory.
Finally I would like to refer to a series of 8 cases described by Mr Wylie McKissock at the meeting of the Society of British Neurological Surgeons in Copenhagen in 1961; I am indebted to him for Table 5 , which summarizes them. They are the only cases, from a total series of 270, with acoustic neuromas less than 3 cm in diameter, and they illustrate the extreme rarity of these small tumours in neurosurgical practice. In none was there any displacement of the 4th ventricle but in one the tumour was outlined by air in the cerebellopontine angle. The diagnosis was made in each case by neurootological examination performed in Dr Hallpike's department. The tumours varied from 7-5 mm diameter to a maximum size of 2 5 x 1-5 cm. In each case a total excision was done and the VII and VIII cranial nerves were spared. Hearing was preserved in 5 although in 2 it was worse than before operation. The remaining 3 were deaf post-operatively. I think that it is important to do a complete excision without damage to the brain stem and, if the choice has to be made between a complete excision and preservation of the facial nerve, I would prefer to do a complete excision. More important is the need to diagnose these tumours early and this early diagnosis is likely to come from neuro-otologists and radiologists. The main problem is not to get the tumour out but to get the patient in.
Mr J Angell James (Bristol) In the surgical treatment of acoustic neuroma Dr House has not only advanced technique with the aid of the operating microscope but has also made important contributions to the precise diagnosis and identification of such tumours at an extremely early stage, when they are accessible for complete removal by his methods. The new possibilities in treatment require close co-operation between otologists, neurologists, neurosurgeons and radiologists. Since this new technique enables the surgeon to remove tumours in the earliest stage before serious damage has occurred, the accent is now on early diagnosis. I wonder whether Dr House has in mind any method for saving the cochlea, in spite of the necessity of opening the endolymphatic system, in cutting through the labyrinth to reach the internal auditory meatus.
Mr William McKenzie (London)
The question of early diagnosis looks different to the otologist, who sees many cases of unilateral deafness. I have had the opportunity of examining in detail over 300 cases where the deafness lay more centrally than the middle ear, and of these only 2 proved to have an acoustic neuroma. On the other hand, I have examined a number of cases where the diagnosis has been made by a neurologist or a neurosurgeon; in these the otological examination served to confirm the diagnosis. I think part of the explanation lies in the large population which Dr House serves, but there still remains the problem of the tests which should be applied to an early case of unilateral deafness, where an acoustic neuroma cannot be excluded.
Mr H D Fairman (Bristol)
In two cases polytomography has been of great help in demonstrating lesions of the petrous temporal bone which had not been easily recognized by conventional X-rays. In one there was an intrapetrous lesion and in the other an expansion of the internal auditory meatus. Both these cases have proved at operation to be acoustic tumours.
Section of Otology
In adopting Dr House's translabyrinthine approach to the internal auditory meatus, I have found two landmarks useful. A line from the external angular process to the supratragal notch gives the direction of the internal auditory meatus, which lies below the level of the external semicircular canal; strict observance of these landmarks will prevent the surgeon from becoming disorientated.
Mr S W Allinson (Boston, Lincs) I consider the approach via the temporal fossa to be good when there is some doubt about the presence of a small tumour, because the nerves need not necessarily be damaged and it may be possible to remove such a tumour by this route.
Mr D W C Northfield (London) Dr House quoted the remark of a neurosurgeon that he 'did not think the tumour would be so big'. The experience of neurosurgeons in this country would lead them to say that they did not know they could be so small. I have tried to imagine how the average-sized acoustic tumour of 3-5 cm could be removed through the exposure that Dr House demonstrated but, as Dr House has already said, that is impossible and the technique is suitable only for those tumours which are intracanalicular, or just pouting out of the porus. The nucleus of the problem is early diagnosis, for the 1 cm tumour is a rarity in the neurosurgical experience of this country. I would here mention Dr Hallpike's work in devising tests for early diagnosis. As regards mortality and morbidity of operation by the oblique route through the posterior fossa, it should be emphasized that these tumours are large, many of the patients already severely incapacitated and many of them over 50. The results have to be judged against the particular background of the illness, not merely as the results of removing acoustic tumours by a posterior fossa route contrasted with a translabyrinthine approach.
Dr James Bull (London) I wish to congratulate Dr House on developing the positive contrast method of outlining the cerebellopontine angle cistern and the subarachnoid diverticulum which enters the internal auditory meatus. We now call this supplementary myelographic technique 'myeloencephalography'. Since learning it from Dr Scanlan, Dr House's radiological colleague, in September 1964, we have practised the method at Queen Square on about 20 cases and have satisfactorily outlined the mouth of the internal auditory meatus by this means. Unfortunately we have not so far had the opportunity of examining any cases suspected of harbouring a small acoustic neuroma. My experience has been similar to that of my English colleagues in that the majority of acoustic neuromas we examine are about 2 cm diameter and often larger. In my view the radiological examination should be adapted to the type of case under investigation. Plain X-rays of the internal auditory meatus are always essential, preferably supplemented with good quality tomography. However, in many respects plain X-rays are disappointing in that (a) only about 60% of acoustic neuromas can be demonstrated by this means and (b) the amount of enlargement of the mouth of internal auditory meatus is not necessarily proportional to the size of the acoustic tumour. Thus, for example, a large tumour situated centrally on the VIII nerve may produce no plain X-ray changes; on the other hand a relatively small tumour growing in the mouth of the meatus may show well marked changes.
Contrast radiology should in my opinion be divided into three methods of examination:
(1) When the clinical picture indicates that the intracranial pressure is high, it is advisable to undertake an air or positive contrast ventriculogram. If the tumour is large (as it usually is when the pressure is very high), the fourth ventricle will be displaced to the opposite side and rotated in a characteristic manner, thus enabling one to make the diagnosis of a space-occupying mass in the cerebellopontine angle.
(2) If the tumour is not very large and if there is no evidence of gross elevation of intracranial tension, an air encephalogram should be performed.
Experience shows that the fourth ventricle is not necessarily dislocated even when a quite sizable tumour is present; thus, if a ventriculogram is performed, the findings are negative. However, if a good filling of the cerebellopontine angle cisterns is obtained by air encephalography, the abnormal cerebellopontine angle cistern will be deformed and more or less obliterated. Very often a sliver of air surrounds the tumour mass and demonstrates it clearly. At the same time a specimen of CSF is collected when the lumbar puncture is performed for introducing the air, and thus two valuable items of information are obtained simultaneously.
(3) When the acoustic neuroma is very small and belongs to the group particularly described by Dr House, then it is possible that the tumour will not deform the cerebellopontine angle cistern sufficiently to allow the air shadow to demonstrate the little tumour. It seems to me that it is with this group that the method of myeloencephalography may be so valuable. By this means it should be possible to demonstrate the smallest of tumours. Furthermore the examination could be repeated at say six-monthly or yearly intervals if the surgeon did not consider the tumour was large enough to warrant surgery at the first or second examination. It is also possible to remove the majority of the contrast substance by a further lumbar puncture after each examination.
Mb J E A O'Connell (London)
The microsurgery described by Dr House is quite distinct from the treatment of the large tumours with which the neurosurgeon deals.
In planning neurosurgical treatment in these cases, it should be borne in mind that the growth potentialities of these neoplasms vary. At times their development is extremely slow. Thus, in a personal case, in which a noncystic tumour was treated by partial excision in 1939, the patient died after twenty-five years without any evidence of recurrence. Again, 3 patients, in whom the diagnosis is clear-cut, have been observed for twelve, eleven and seven years respectively, without any indication arising of the need for surgery. In 2 others, who developed trigeminal neuralgia, a root section was carried out. One of these remains well after five years; in the other deterioration of her condition occurred after seven years, and is thought to be due to cerebral arteriosclerosis. In other cases these tumours grow rapidly, and when treatment has been by partial excision as many as three operations have been required in the same patient in a few years. I therefore consider that careful observation is required to enable the surgeon to decide when operation is necessary.
When surgery is required, as indicated by the development of ataxia or evidence of raised intracranial pressure, I consider that total excision is the treatment of choice, and it has been the routine since 1947. Since then 55 tumours have been completely excised from 54 patients; 45 of these survived and 9 died (from any cause), an operative mortality of 16 3 %. In some of the surviving patients the facial nerve was spared, but in the majority it was sacrificed. I believe the best treatment for the resulting facial paralysis to be a hypoglossofacial anastomosis and not a plastic procedure. In none of the patients surviving total excision has there been any evidence of recurrence up to the present time. While a neurological defect other than unilateral deafness and facial paralysis is common, the great majority of the patients are leading useful lives.
Mr P H Golding-Wood (Maidstone, Kent) The discussion has emphasized our need for early diagnosis not only of the presence of an acoustic nerve tumour, but also of its extent. Our neurosurgical colleagues are mostly confronted with large tumours, more or less deeply embedded in the cerebellopontine angle, providing dangerous obstruction to cerebrospinal fluid pathways. Our efforts to provide earlier diagnosis by otological means were not ill-founded, despite failures. In certain circumstances Dr House's translabyrinthine approach seems a great advance.
We are, however, obliged to face the difficulty that the tumour may be too large for safe removal by these means, even in the absence of neurological signs. Some of the cases described by Mr Walsh pointed to this conclusion, as does my own small experience.
Two years ago Dr House's work rekindled my interest in this topic, initially aroused during earlier neurosurgical training. At that point there came under my care a woman of 50 years with von Recklinghausen's disease. She had a marked unilateral perceptive deafness and recurring vertigo, accompanied by more or less constant imbalance. Other neurological signs were absent, but lack of recruitment, loss of caloric response, radiological evidence of expansion of the internal auditory meatus and a high protein level in the CSF, rendered diagnosis of an acoustic nerve tumour simple. This case seemed eminently suitable for Dr House's operation and after considerable cadaver practice I attempted this. The operation was uneventful, the tumour being removed completely with preservation of the facial nerve. The procedure closely followed and verified Dr House's description and the patient made a rapid and uneventful recovery, having been little upset by the operation.
By chance, a few months later, I was presented with an apparently similar case but without evidence of von Recklinghausen's disease. Again neurological signs, even nystagmus, were lacking. On this occasion, however, the translabyrinthine approach gave far too little exposure for removal of an acoustic tumour of wholly unexpected size. Fortunately this difficulty had been envisaged and was met by converting the translabyrinthine approach into a wide suboccipital craniotomy. Mr Kenneth G Malcomson (Bristol) Dr House has made a magnificent contribution to the early diagnosis of acoustic neurofibroma and otologists will be ever grateful for his pioneer work. It is clear that all cases of unilateral perceptive deafness should be regarded as suspicious of a neuroma in the absence of an alternative explanation and should be investigated thoroughly by audiometric, vestibulometric and radiological means. The otologist's responsibility in this context is evident.
Few neurosurgeons appreciate the prodigious progress made in otology which enables the most delicate operations in the whole calendar of surgery to be carried out with great precision, using high magnification, illumination superior to any conventional type, and instruments refined to within one-hundredth of an inch.
Mr J Fulton Christie (Glasgow) I am struck by the fact that Dr House is seeing early cases. I have recently reviewed 24 cases of acoustic neuroma which I personally examined in the West of Scotland Neuro-Surgical Unit, Killearn Hospital, and since then I have seen about 6 more. With the exception of 4 which I referred myself, almost all these 30 cases were referred to the unit by a physician or an ophthalmologist and, so far as I can discover, none of them was previously seen by an otologist. In every case there was complete ablation, in one ear, of either labyrinthine or auditory function or both.
It seems to me to be necessary to educate medical colleagues to send cases with unilateral deafness to otologists in the first place, so that acoustic neuromas can be picked up in the early stages.
Dr William F House, in reply to Mr Angell James, said that it was possible through a middle cranial fossa approach, to remove tumours confined to the internal auditory canal and to save the hearing and the facial nerve. This had been reported in Case 46 of the acoustic tumour monograph (House 1964, Arch. Otolaryng. 80, No. 6 ). Since the report had appeared Dr House had had one other case in which it had been possible to remove the tumour while it was still quite small, and actually improved the hearing and also saved the facial nerve. Post-operatively, neither of the patients had been disturbed by the loss of the superior vestibular nerve, from which the tumour had originated, and which had been removed at the time of surgery.
In reply to Mr Golding-Wood, Dr House said that he felt that the positive contrast radiographic studies of the posterior fossa quite accurately reflected the size of the tumour. When the tumour was more extensive and seemed not to be suitable for removal by the translabyrinthine approach, then a more extensive approach, which included suboccipital craniotomy, was planned. This was done in a two stage approach and will be reported on later by a colleague, Dr William E Hitselberger. The session is to be reported in the Journal of Laryngology.
